Abstract -The vehicle system is a multi-domain system, so that computer simulation technique has become an indispensable tool for vehicle system development. Our research group proposed a simulation modeling method based on the VHDL-AMS language. This paper describes how VHDL-AMS is used to model of vehicle fuel consumption simulation. We examine the influence of the power-network with electrical load and hill climb resistance in the vehicle running resistance.
I. INTRODUCTION
The setting of a stricter CO2 emissions reduction target due to global warming has led to several discussions [1] on enviroment-responsive system car. With the sophisticated growth of vehicles system development in recent years, the usage of simulation technology in the design and development phase has become increasingly indispensable [2] . Thus, in order to evaluate the vehicle as a system consisting of many branches of science and engineering, we considered modeling using VHDL-AMS (Very High Speed Integrated Circuit Hardware Description LanguageAnalog and Mixed Signal) [3] . The VHDL-AMS is a general-purpose circuit description language, which has the possibility of applying Kirchhoff's law to the multidomain energy simulation using the same topology of electrical circuits. And so, we proposed a vehicle system simulation, and reported various analysis results(Ex [4] [5] ).
This paper describes how VHDL-AMS is used to model a vehicle fuel simulation. We describe the calculation model of the amount of fuel supply and fuel consumption by using the VHDL-AMS. The fuel consumption results are shown in consideration of the power-network system comprised of the alternator, battery and electrical load. In addition, we examine the influence of hill climb resistance in the vehicle running resistance.
II. MODELING OF VEHICLE SYSTEM

A. Model for Calculating the fuel consumption
The engine rotational speed is calculated using the vehicle running speed as the input. Equation (1) (1) Where, N e is the engine rotational speed [r/min], V is the vehicle running speed [km/h], r is the effective tire radius of the drive wheel [m] , i m is the gear ratio, and i f is the final reduction gear ratio, respectively.
The engine torque T is calculated using the vehicle running resistance as following equation (2), (3) .
Case of
Where, T is the engine torque [Nm], η m is the power transmission efficiency of the transmission, η f is the power transmission efficiency of the Differential Gear.
Also, a running resistance is generated which decreases a vehicle driving force. The running resistance R has the rolling resistance R r , the air resistance R a , the hill climb resistance R g and the acceleration resistance R i . These are represented by the following equation. Equation of motion is represented by the relationship between the vehicle running resistance and the driving force, as in equation (5).
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The fuel consumption f t [g/s] is calculated using general fuel consumption contour line as shown Fig.1 , and using the relationship between the engine rotational speed, equation (1), and the engine torque, equation (3) . The relationship between the fuel consumption ratio f [g/kWh] and the fuel consumption f t is represented using the engine power as in equation (7). 
B. Description of Models
The whole simulation model for fuel consumption calculation is shown Fig. 2 . This model consists of the driver, engine, transmission (differential gear, gear box), wheels, gear controller, running resistance and powernetwork. The driving pattern is used the Japanese 10-15 mode as the driver model. The constitution and description using VHDL-AMS for each model element are discussed below.
(1) The vehicle running resistance Modeling This model is described as vehicle model with motion equation. In this model, the driving force is derived from the rolling resistance, the acceleration resistance, the air resistance and the hill climb resistance. The part of the description of the vehicle running resistance model using VHDL-AMS is shown in Fig. 3 . The radius of the tire is defined and this model calculates the rotational force transmitted from the gear. The part of the description of the wheel model by VHDL-AMS is shown in Fig. 4 . The transmission efficiency and the ratio of transmission gear are defined in this model. And also the engine torque and engine speed are derived from this model. The part of the description of the gear box model by VHDL-AMS is shown in Fig. 6 . The Engine map model is described using fuel consumption contour line as shown Fig.1 . The fuel consumption rate is derived from the relationship of the engine speed and the engine torque. The part of the description of the gear box model by VHDL-AMS is shown in Fig. 7 . The alternator is a claw-pole field type synchronous generator with field winding. But for the purpose of simplification, the modeling was conducted using the combination of a three-phase synchronous generator, and a three-phase full-wave rectifier circuit. And part of the description of the alternator by VHDL-AMS is shown in Fig. 10 . Using VHDL-AMS, the modeling of the generator can be simply described using a voltage equation and equation of motion. It is also possible to model by using a look-up table of experimental data or analysis data. Lead-acid storage battery is widely used in today's vehicles. The chemical reaction of the battery electrodes causes the acidic concentration to be lower near the electrodes during the discharge state. The diffusion of acidic molecules between the upper and lower concentration regions was modeled using the equivalent circuit shown in Fig. 11 , by using diffusion resistance, in addition to a slow-and fast-charging and discharging capacitor [6] . Part of the model description by VHDL-AMS using the equivalent circuit from Fig. 11 is shown in Fig. 12 . For this research, the load was modeled as ideal resistance. For the electrical load, R 1 is 0.9 Ω and R 2 is 7 Ω. R 1 is equivalent to using the lights and airconditioning, and R 2 simulates the hazard lights [7] .
C. How to fuel consumption rating (Japanese 10-15mode)
Mode model is used to input the vehicle running speed into the powertrain model. In the mode model, the Japanese 10-15 mode speed profile is used as shown Fig.  13 . The Japanese 10-15 mode is the measurement of fuel consumption on the condition stipulated by the Ministry of Land, Infrastructure, Transport and Tourism. The fuel consumption is measured on not the actual load but chassis dynamometer at the following condition. a) Vehicle after braking-in over 3000km distance b) Fully warm-up condition (after 15 minutes warmup operation at 60km/h) c) The vehicle weight including 2 passengers (110kg). d) Turn off the air conditioning and vehicle electrical equipment e) The test room temperature 25 deg. ± 5 deg., relative humidity is kept within the range of 75% from 30% 
III. ANALYSIS RESULTS
At first, it is reported that the results of fuel consumption model does not take into account the slope and electrical equipment. This condition is quite similar to the 10-15 mode. The resulting fuel consumption was 17.8km/L as shown in Fig. 14. The target model here is a Toyota Corolla Axio with a catalog fuel consumption of 17.2km/L. As the resulting value is almost similar to the catalog, this system model is useful for fuel consumption simulation. Figure 15 shows the fuel consumption result when we consider the influence of the electrical equipment. The fuel consumption here was 16.4km/L which is evidently a decrease in 7.87%. Fuel consumption for the electrical equipment in current automobiles has been 5 to 10% of the total fuel consumption. Thus, the result was befitting in that range. It is also shown in Fig. 16 Fig. 17 and 18 illustrates the results of fuel consumption in consideration of slope. It shows the inputted slope in the vehicle running resistance model in Fig. 17 . In case of the required torque for a positive slope climbing in the interval is unobtainable, each shift position could be shifted down so that the required torque could be obtain. As the results, the fuel consumption was 14.7km/L. It indicates a 10.4% deterioration in comparison with the electrical equipment. IV. CONCLUSION This paper described the modeling method of the power network system and the fuel consumption calculation using standardized circuit description language VHDL-AMS. The modeling results showed that VHDL-AMS is useful for conducting a vehicle system simulation. As the results, this research can be applied to the energy management investigation using power network system for CO 2 reduction. In addition, on the design stage, our simulation method enables the development cost and time to be reduced.
